1 H spectra were acquired at 1 T and 27 °C over 20 h, each spectrum averaged over 60 scans within 10 min. (a) The single proton H(ZA) attached to carbon ZA 3 can be seen at ~5.9 ppm, HDO at 4.7 ppm, DMSO at 2.7 ppm, the methyl group H 3 (ZA) attached to carbon ZA 5 at 1.55 ppm and the methyl group H 3 (PP) of parapyruvate hydrate at 1.35 ppm. The single proton attached to carbon ZA 3 is quickly exchanged for a deuteron by keto-enol-tautomerism and can thus only be observed in the first few spectra. (b) Peak amplitudes and exponentially fitted curves of the methyl groups of ZA and parapyruvic acid (PP) from a showing that ZA decays into PP with a half-life of t 1/2 = 2.27 ± 0.04 h.
Supplementary Figure 5 |
13 C biosensor pH of the same buffer phantom measurement evaluated from ZA with and without considering the additional urea peak used as chemical shift reference at 7 T. The 13 C biosensor pH was backcalculated based on the chemical shift difference of both 13 C-labeled ZA positions (a) with respect to the pH insensitive 13 C urea and (b) based on the chemical shift difference between the two 13 C-labeled ZA positions only. (c) The pH values extracted from the two 13 C pH maps correlate well with the electrode pH (in white in a and b). At the limit of its sensitivity (at pH ≈ 5), the back-calculation of the 13 C biosensor pH is improved by taking the urea peak into account as pH insensitive chemical shift reference. Scale bars, 1 cm.
Supplementary Figure 6 | Longitudinal relaxation time T 1 of hyperpolarized natural abundance ZA in vitro at 3 T. A three-parameter monoexponential curve was fitted to each dataset and the mean and standard deviation was calculated from the resulting decay constants of 50 mM ZA in 80 mM Tris buffer in H 2 O adjusted with 1M NaOH to an average pH of 6.53 ± 0.03 at 27 °C. The close proximity of the frequently and fast exchanging proton of the hydroxy group attached to carbon number two of ZA most likely causes the shorter T 1 of carbon number one ( 13 ZA 1, a) compared to carbon number five ( , resulting in an end concentration of the substance in the blood of 6-10 mM assuming a ratio of injected volume to blood volume in the order of 1:10. Therefore, 5000 HeLa cells each in 100 µL cell culture medium were incubated with ZA for 24 h at concentrations 0.4-12.5 mM (a) without and (b) with a Zn catalyst being used in the synthesis of ZA before being purified using reversed phase HPLC. No marked reduction in cell viability was observed (n = 3, mean ± s.d.).
Supplementary
Figure 8 | Dose escalation study testing for in vivo toxicity of ZA in three rats. ZA was dissolved in 80 mM Tris buffer solution, neutralized to normal blood pH ≈ 7.4 using NaOH, sterile filtered and injected into the tail vain at t = 0 min at a final injected concentration of 40 mM and 80 mM, at a dose of 5 mL kg -1 and a rate of 0.17 mL s -1 . For all three rats (Lewis, male, Charles River, average weight 319 ± 1 g), (a) heart rate, (b) breathing rate and (c) blood oxygenation were monitored for five minutes before and after injection. No abnormalities with respect to the injection of ZA were detected. , leucocytes: 3.3-8.7 × 10 9 L -1 , thrombocytes: 500-1300 × 10 9 L -1 ) provided by the supplier (Charles River) and no significant difference between ZA and NaCl injected animals can be detected. 14 animals (7 female / 7 male) were used, 10 of them received a tail vein injection of 5 mL kg Time resolved slice selective spectra of hyperpolarized ZA and 13 C urea report consistent pH values within the physiologically expected pH range after tail vain injection. (e) Monoexponential decay curves fitted to the peak maxima of ZA 1 , ZA 5 and urea result in slightly longer apparent T 1 times for ZA compared to urea and no significant differences in apparent T 1 between the three slices. For each in vivo experiment, spectra from 64 time steps were recorded using a flip angle of 10 ° and a TR of 3 s. The pH values were calculated from the difference of the chemical shifts of ZA 1 , ZA 5 and urea. The 13 C pH values are given as mean ± standard deviation of the n spectra that could be used for the back-calculation of the pH due to sufficient SNR. Scale bars, 1 cm. 12 C ZA concentrations in renal cortex and medulla. MALDI-MSI represents the distribution of ZA within the kidney fixed 2-3 minutes after injection whereas hyperpolarized MRI shows the distribution of ZA within the kidney 10 s after injection. Whereas in the hyperpolarized MR image, shortly after injection, the cortex exhibits the largest contribution to the overall signal, in MALDI-MSI, much longer after injection, more ZA is already involved in the renal filtering process and thus the area containing the medulla and calyx show the largest signal contribution. Scale bars, 2 mm. 

